ABSTRACT
INTRODUCTION
The thyroid gland is the largest of all endocrine glands and is the only one which is amenable to direct physical examination and high-resolution real-time grayscale sonography because of its superficial location.
Thyroid sonography was first introduced in 1966 to 1967. 1 Thyroid ultrasound is now the best prevalence indicator for the assessment of thyroid disorders. It is used to differentiate cystic thyroid lesions from solid ones and solitary nodules from multinodular goiter. Also it is used to detect any extrathyroidal lesions, such as enlarged cervical lymph nodes if any. Nearly 50% of patients with a clinically palpable solitary thyroid nodule have avoided surgery because of thyroid ultrasound. 2 The newly developed high-resolution ultrasono graphy (USG) with color Doppler is used to assess the nature of the lesion according to its vascularity and also the hemodynamic characteristics of the gland. Thus, the combination of grayscale sonography and color flow Doppler provides huge benefits and helps in increasing the sensitivity, specificity, and accuracy in distinguishing benign and malignant thyroid nodules. 3 Although individual USG features may help, accurate prediction of thyroid malignancy can be made when multiple signs appear in USG.
Fine-needle aspiration cytology (FNAC) is now a well-established, first-line, simple, and quick screening test as well as the diagnostic tool for surgical and nonsurgical goiters. Limitation of FNAC is mainly because of inadequate sampling, inexperience of the pathologist, and overlapping of cytological features. 4 The present study was aimed to determine the role of high-resolution USG in the evaluation of lesions of the thyroid with FNAC correlation and compare it with other studies. 
MATERIALS AND METHODS
This was a prospective study carried out on 50 patients (44 females and 6 males) who attended the ear, nose, and throat or surgery outpatient department/inpatient department (OPD/IPD) and were referred to the Department of Radio-diagnosis for high-resolution USG of neck at Rohilkhand Medical College and Hospital, Bareilly, Uttar Pradesh, India. This study was conducted for a period of 1 year from March 2015 to February 2016. The ultrasound machine used was GE LOGIQ V5 ( Fig. 1 ).
Patients presenting with swelling in the thyroid region and those with clinical suspicion of thyroid dysfunction were included in the study. Patients with swelling in the neck other than thyroid or patients already diagnosed and treated for thyroid lesion were excluded.
Examination Method
The thyroid gland was examined with the use of highresolution linear array transducer ranging from 7 to 12 MHz. The patient was examined in the supine position with the neck hyperextended to identify the inferior margin of the gland, which may extend up to the clavicle in some patients. A small pillow was placed under the shoulders so as to delineate structures well, particularly in patient with a short, stocky habitus.
The gland was evaluated with the help of criteria of solid, mixed, and cystic pattern. Solid nodules were divided into homogeneous and heterogeneous echo pattern. Homogeneous nodules were further subdivided into hyperechoic, isoechoic, and hypoechoic echotexture. The mixed group was divided into predominantly solid, predominantly cystic, and a complex group where no component was predominant. Various other sonographic features were also assessed. Cervical lymph nodes with any abnormal features in terms of size or echotexture were also subjected to FNAC. Color Doppler was used to study the vascularity of the thyroid gland. The inferior thyroid artery was identified and spectral waveforms were obtained (Figs 2 to 5) .
After the history, physical examination, ultrasound examination, thyroidal hormonal assay, and FNAC, a diagnosis was made and statistical analysis was done by using proportion. The sensitivity, specificity, and positive IJAIMS predictive value (PPV) were determined for all cases using the following formula: 
RESULTS
In the present study, out of 50 cases, 44 (88%) patients were females and 6 (12%) were males. The male to female ratio was 1:7.3. Most of the patients, 19 (38%), were in 21 to 30 years of age group, the youngest being 8 years old and the eldest being 65 years old. The mean age was 36 years (Graphs 1 and 2).
All 50 (100%) patients presented with swelling in the neck either diffuse or nodular, out of which, 5 (10%) Graph 1: Sex distribution of study subjects Graph 2: Age and sex distribution of study subjects patients complained of associated pain; 4 (8%) patients had hoarseness of voice; 4 (8%) had difficulty in breathing; and 3 (6%) complained of palpitation (Graph 3). With respect to consistency, out of 50 cases, 28 (56%) had solid consistency, 13 (26%) had cystic, and 9 (18%) turned out to be mixed lesions (Figs 6 to 8) (Graph 4).
Graph 4:
Internal consistency of study subjects With respect to echogenicity, out of 50 patients, 19 (38%) lesions were hyperechoic, 15 (30%) were hypoechoic, 13 (26%) were anechoic, and 3 (6%) were isoechoic as compared with normal thyroid parenchyma (Figs 9 to 12) (Graph 5).
With respect to margin, 47 (94%) out of 50 cases had well-defined margins, whereas 3 (6%) had ill-defined margins (Figs 13 and 14) (Graph 6).
With respect to vascularity, 10 (20%) cases showed internal vascularity along with peripheral vascularity, 26 (52%) showed peripheral pattern, and 12 (24%) cases showed no significant vascularity (Figs 15 and 16) (Graph 7).
With respect to halo, 11 (22%) out of 50 cases had thin peripheral complete halo whereas thick incomplete halo was seen in only one (2%) case ( In this study, microcalcification was seen in 1 (2%) case, egg shell calcification in 2 (4%), and coarse calcification in 3 (6%) out of 50 cases (Figs 18 to 20) (Graph 9).
Number of cases identified as benign in USG was 36, out of which 35 were benign and 1 turned out to be malignant in FNAC. Number of cases identified as malignant in USG was 4, and all proved out to be malignant in FNAC. The overall sensitivity, specificity, and PPV of USG in identifying a benign lesion were 97.14, 86.66, and 94.44% respectively. The overall sensitivity, specificity, and PPV of USG in identifying a malignant lesion were 80, 100 and 100% respectively (Graph 10). On FNAC, 5 (10%) were malignant, 35 (70%) were benign, and 10 (20%) were proved to be thyroiditis. The most common benign pathology in the present study was colloid goiter seen in 23 (46%) cases. Papillary carcinoma was seen in 4 (80%) out of 5 cases whereas anaplastic carcinoma was diagnosed in 1 (2%) (Figs 21 to 23) . No case of medullary carcinoma was found in our study (Table 1 ) (Graph 11).
All the 4 malignant cases on USG were correctly diagnosed as malignant on cytology and 1 case which was misdiagnosed as multinodular goiter on USG because of multiple well-defined nodules with high echogenicity also turned out to be a case of papillary carcinoma. Out of 36 benign cases, 1 turned out to be papillary carcinoma and 1 turned out to be Hashimoto's thyroiditis on cytology.
Both cases on USG had multiple well-defined echogenic nodules and were diagnosed as multinodular goiter on USG (Fig. 24) . Out of 10 cases of thyroiditis, 1 (2%) case proved out to be primary follicular hyperplasia on cytology (Fig. 25) Statistical values: Sensitivity: 9/10 × 100 = 90% Specificity: 39/40 × 100 = 97.5% Positive predictive value: 9/10 × 100 = 90%
DISCUSSION
All five malignant lesions were seen in females.
Percentage of malignancy in females in our study turned out to be 11.3%. In a similar study conducted by Nam Goong et al, 5 the age range was 26 to 75 years with mean age of 51 years, which was very high as compared with our study. All the cases of malignancy were above the mean age, and the mean age of malignant cases turned out to be 52. In a study by Simeone et al 6 , 87.2% cases were benign and 12.7% cases were malignant which can be related to our study. Out of 17 malignant cases, 9 (52.9%) had papillary carcinoma, 2 (11.7%) had medullary carcinoma, 2 (11.7%) had follicular carcinoma, 2 (11.7%) had anaplastic carcinoma, and 2 (11.7%) had metastases. In our study, we found colloid goiter to be the commonest lesion with 23 out of 50 cases (46%). Almost 10 of these lesions were predominantly cystic, 9 were predominantly hyperechoic, 2 were isoechoic, and 2 cases were hypoechoic in nature. Scheible et al 7 found that Present study 46 James and Charboneau 8 stated that the most specific sign of a benign thyroid nodule is eggshell or peripheral calcification. Our study revealed only 2 (4%) cases showing such peripheral or egg shell calcification. Both turned out to be benign.
Calcification

No. of patients %
Coarse calcification 3 6
Eggshell calcification 2 4
Microcalcification 1 2
Erdogan et al 9 had found 24 cases of Hashimoto's thyroiditis while evaluating 55 patients with hyperthyroidism. Micronodulation was seen in all cases. Small micronodules were seen in all the cases in our study.
Workers Percentage of hashimoto's thyroiditis
Erdogan et al 
Present study 18
Lin et al 10 had found 11 cases of chronic thyroiditis. Ultrasound patterns of 11 cases were diffusely enlarged gland with diffuse hypoechogenicity. In our study, we found 10 cases of chronic thyroiditis out of which 9 showed diffuse enlarged gland with diffuse hypoechogenicity. Papillary carcinoma accounts for 75 to 90% of primary thyroid cancers. Ultrasound appearance of benign and malignant nodules overlaps; however, certain features are helpful in differentiating between the two. These features include microcalcifications, local invasion, lymph node metastases, and a nodule, i.e., taller than wide with markedly reduced echogenicity, all of which goes in favor of malignancy. Other features, such as absence of halo, ill-defined irregular margins, solid composition, and vascularity are less specific but may be useful ancillary signs.
In our study as we found papillary carcinoma in 80% of all malignant cases.
In a study by Hoang et al, 11 they stated that microcalcifications are one of the most specific ultrasound findings of a thyroid malignancy. Microcalcifications were found in 29 to 59% of all primary thyroid carcinomas. In our study, we detected only one case of malignancy showing microcalcification. One case of malignancy showed coarse calcification. Most of the authors have agreed that specific USG features of thyroid carcinoma do not exist 12 ; however, some have stated that carcinomas are usually hypoechoic, but Solbiati et al 13 found out that only 68% of the malignant lesions were hypoechoic. In our study we found five cases of malignancy out of which only three (60%) were hypoechoic. Therefore, hypoechoic echotexture should not be considered an independent factor in determining malignancy.
In the study conducted by Dhanadia et al 15 for detection of malignancy by ultrasound had sensitivity of 83.3%, specificity 72.7%, PPV 29.4%, and NPV 96.9%. In our study, detection of malignancy by ultrasound had a sensitivity of 80% and specificity of 100%. Positive predictive value came out to be 100%. Our study also had limitations in the form of a small sample size. Therefore, it is recommended to conduct a similar study with a larger sample size in order to identify the malignancy markers more accurately.
CONCLUSION
Color Doppler sonography is a noninvasive procedure for investigating thyroid gland which is safe, fast, inexpensive, popular, and cost-effective and can be repeated many a times. As it is located superficially and has a good vascularity, high-resolution grayscale and color Doppler sonography is helpful in demonstrating normal thyroid anatomy and pathological conditions with remarkable clarity.
Our experience demonstrates significantly improved sensitivity for high-resolution ultrasound over other investigations for the anatomic characterization of thyroid lesions. Ultrasound is valuable in identifying malignant or potentially malignant thyroid nodules. Ultrasound appearance of benign and malignant nodules overlap, however, certain features are helpful in differentiating between the two. The newly developed highresolution USG along with color Doppler flow studies can reveal fine details of the thyroid gland and the hemodynamic features of thyroid neoplasms.
Color flow Doppler sonography is gaining importance for the functional evaluation of the thyroid disorders. Color flow Doppler sonography could differentiate an untreated Grave's disease from Hashimoto's thyroiditis, which have almost similar grayscale findings. Thyroid ultrasound differentiates solid from cystic lesions, solitary nodules from multinodular and diffuse enlargement, and is also helpful in characterizing extra thyroidal lesions.
Thyroid ultrasound can also be used in calculation of thyroid volume. Finally in selected cases, direction of fine-needle aspiration biopsy can be best accomplished with sonography, eliminating the need of multiple needle punctures. Our present study consisted of 50 cases, which were clinically suspected suffering from thyroid dysfunction. Thyroid ultrasound was very efficient in picking up lesions in all 50 cases in our study. In comparison to other studies, our study gave a similar picture in terms of benign lesions being much more common than malignant lesions. The most common benign lesion determined in our study was colloid goiter, which was the most common benign lesion in many other studies. In comparison to other studies, we were able to detect malignant nodules with a better specificity. Chronic thyroiditis was also very efficiently detected using ultrasound in our study.
